We report a novel, highly sensitive and selective method for the detection and quantification of acyl-CoA esters from Arabidopsis thaliana. Extracted acyl-CoA esters were derived to their fluorescent acyl-etheno-CoA esters, separated by ion-paired reversed-phase HPLC, and detected fluorometrically. We report the composition and concentration of the acyl-CoA pool in mature A. thaliana leaves, and during storage-lipid breakdown in 2-day-old seedlings. T h e concentrations measured were in the 1 4 p M range for both tissue types. T o our knowledge, this is the first time that reliable estimates of acyl-CoA ester concentrations have been made for plants.
Introduction
In plants, acyl-CoA esters are important metabolic intermediates in both lipid synthesis (via the Kennedy pathway) and degradation (via peroxisoma1 P-oxidation). In other organisms, they have a pivotal role in regulatory metabolism [l] . Currently, there is great interest in the understanding of the regulation of both lipid biosynthesis and degradation in plants, and how oil composition and yields are controlled [2] [3] [4] . Measurements of metabolic intermediates, such as lipids, free fatty acids, acyl carrier protein and acyl-CoA binding protein have been made in plants, but there have been no equivalent estimates of acyl-CoA ester concentrations. This study will describe a new method that enables the acyl-CoA ester pool size and composition to be measured in plant tissues. Single leaf discs (5 mm) were cut from rosette leaves of 28-day-old greenhouse-grown plants and frozen as described above.
Frozen plant material was transferred to a microfuge tube containing heptanoyl-and heptadecanoyl-CoA internal standards (Sigma, Poole, Dorset, U.K.). Samples were processed as described previously [6] , using a starting volume of 2 0 0 4 of extraction buffer. T h e final extract supernatant ( z 600 pl) was transferred to H P L C vials and centrifugally dried for 2.5 h under vacuum at 40 "C.
Standard acyl-CoA esters (Sigma) were pooled and diluted with water to 5 p M for each constituent acyl-CoA. Chloro-acetaldehyde reagent was prepared by diluting chloro-acetaldehyde (Sigma) to 0.5 M with 0.15 M trisodium citrate/citric acid and 0.5% SDS (both from Fisher, Loughborough, Leics., U.K.) to achieve a p H of 4.0. Aliquots of chloro-acetaldehyde reagent were added to dried plant extracts or small aliquots of concentrated acyl-CoA standard solutions in Teflon-capped glass H P L C vials and heated at 85 "C for 20 min. T h e vials were then transferred to a cooled (15 "C) autosampler tray in the H P L C where they were stored prior to injection and analysis.
Acyl-etheno-CoA esters were separated by reversed-phase H P L C using a quaternary gradient H P L C system (Thermoquest Separation Prod- detected using a Thermoquest Separation Products'" FL3000 fluorometer with the excitation wavelength set to 230 nm and the emission wavelength set to 420 nm. Peak areas were integrated and quantified by reference to response factors calculated from separately injected standard mixtures and known concentrations of internal standards included in the sample extracts. T h e identity of acyl-CoA esters and their acyl-etheno-CoA derivatives from collected peak fractions were confirmed by electrospray ionization tandem M S using an L C Q ion-trap mass spectrometer (Thermoquest, Heme1 Hempstead, Herts., U.K.).
Results and discussion
Reaction of acyl-CoA esters with chloro-acetaldehyde reagent resulted in the formation of a fluorescent etheno group on the adenine residue while maintaining acyl-CoA structure, as confirmed by M S (Figure 1 ). T h e formation of etheno adenylates by reaction of adenine-containing compounds with chloro-acetaldehyde has been described previously [7-lo] , but not for acyl-CoA esters. Mass-spectral information also confirmed the identity of acyl-etheno-CoA esters from plant extracts (Figure 2) , and is likely to be very useful in the future for identifying unusual acyl-CoA esters, such as epoxidated, acetylated or hydroxylated varieties from transgenic plants.
T h e linear detection range for short-to-long chain-length acyl-etheno-CoA esters extended from 6 fmol (the lowest concentration tested) to 50000 fmol. This is much more sensitive than the 20-pmol limit cited for H P L C methods [11, 12] and is of similar sensitivity to acyl-chain derivatization methods [13-151, which are not acyl-CoAspecific. Elution was in order of increasing acyl chain length, with acyl-etheno-CoA esters containing mono-or poly-unsaturated acyl chains eluting before their saturated versions (Figure 2) .
T h e method was sensitive enough to permit extraction and quantification of the acyl-CoA ester profile from a single A. thaliana leaf disc (Figure   2b ), or 20 mg of 2-day-old seedlings ( Figure 2c ). T h e total acyl-CoA ester pool size measured fell between 1200 and 4300 fmol .mg of fresh weight-' (1-4pM) for all samples extracted, with longchain acyl-CoA esters predominating. T h e con- Currently, the regulatory role of acyl-CoA esters is uncertain in plant lipid metabolism. For example, comparisons between acyl-CoA ester and acyl-carrier-binding-protein pool sizes have been made for yeast [17, 18] but not for plants. 
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Perhaps more significantly, acyl-CoA ester measurements will aid in assigning functionality to genes putatively involved in lipid metabolism, such as the recently described A. thaliana ,!?-oxidation mutant pedl [19] , which has low thiolase expression, and aim1 [20] , which is deficient in a multifunctional protein isoform. Thus these measurements will be especially useful in complementing our understanding of how lipid metabolism is regulated at the genetic level.
